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APPARATUS FOR DIMINISHING NITROGEN 
OXIDES 

BACKGROUND OF THE INVENTION 

1. Technical Field 
This invention relates to an apparatus for diminishing 

the amount of nitrogen oxides (NO,,) in the exhaust 
gases of an automobile. 

2. Background Art 
There is known an apparatus which is designed for 

diminishing the amount of NOX in the exhaust gases of a 
diesel engine by supplying a reducing agent, such as 
ammonia, into the exhaust gases. For example, the Japa 
nese Patent Application laid open under No. 
83816/ 1989 discloses an by an NOx analyzer, and blows 
ammonia into the exhaust gases apparatus which detects 
the amount of NO; in exhaust gases in accordance with 
the amount of NO as detected. The use of ammonia, 
however, calls for a great deal of care, as it has an objec 
tionable odor. 
There is also known an apparatus which relies upon a 

catalytic converter incorporated in the exhaust system 
of an automobile for diminishing the amount of NO1 in 
its exhaust gases. The catalytic converter relies upon 
hydrocarbon for its reducing action, but the exhaust 
gases do not contain a sufficiently large amount of hy 
drocarbon for the action of the catalytic converter. 
Therefore, the known apparatus fails to diminish the 
amount of NO,[ effectively. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of this invention to provide 
an apparatus which can supply a sufficiently large 
amount of hydrocarbon for a catalytic converter to 
effectively diminish the amount of NO,,. 
According to a ?rst aspect of this invention, the ob 

ject thereof is attained by an apparatus for diminishing 
the amount of NO,‘ in the exhaust gases of an engine of 
the type in which fuel is injected into its cylinders, 
which comprises an injector associated with the intake 
system of the engine for injecting fuel into the intake 
system, means for calculating the amount of NOX in the 
exhaust gases from the rotating speed of the engine and 
the angle of a control lever, and means for controlling 
the injection of the fuel by the injector in accordance 
with the load of the engine and the amount of NO; as 
calculated. 
According to a second aspect of this invention, there 

is also provided an apparatus for diminishing the 
amount of NO], in the exhaust gases of an engine of the 
type as de?ned above, which comprises an injector 
associated with the intake system of the engine for in 
jecting fuel into the intake system, a sensor for NO, 
installed downstream of a catalytic converter in the 
exhaust pipe of the engine, and a controller for control 
ling the injection of the fuel by the injector in accor 
dance with the load of the engine and the output of the 
sensor. 

According to a third aspect of this invention, there is 
provided an apparatus for diminishing the amount of 
N02 in the exhaust gases of an engine, which comprises 
an injector associated with the exhaust system of the 
engine for injecting fuel into the exhaust system be 
tween the engine and a catalytic converter in the ex 
haust pipe of the engine, a sensor for NO,, installed 
downstream of the catalytic converter, and means for 
controlling the injection of the fuel by the injector in 
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2 
accordance with the load of the engine and the output 
of the sensor. 
The material employed in the apparatus of this inven 

tion for diminishing NOX is a common fuel which is easy 
to handle, since it does not have an objectionable odor 
such as that present when ammonia is used. The injec 
tion of the fuel into the intake or exhaust system of the 
engine also produces the effect of diminishing smoke. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing a ?rst example of an 
apparatus embodying this invention; 
FIG. 2 is a graph showing the relation as observed 

between the rotating speed (number of revolutions) of 
an engine and the torque thereby produced, when the 
angle of a control lever is employed as a parameter; 
FIG. 3 is a graph similar to FIG. 2, but showing the 

relation when the amount of NO, is employed as a 
parameter; 
FIG. 4 is a graph showing the percentage of NO; 

removal in relation to the ratio of the amount of hydro 
carbon to that of NOx; 
FIG. 5 is a graph showing the amount of hydrocar 

bon in relation to the ratio of the amount of injection 
into the intake system of an engine to that of injection 
into its cylinders; 
FIG. 6 is a flow chart showing the operation of the 

apparatus according to the ?rst example; 
FIG. 7 is a diagram showing a second example of an 

apparatus embodying this invention; 
FIG. 8 is a graph showing the characteristics of a 

sensor for NO,,; 
FIG. 9 is a ?ow chart showing the operation of the 

apparatus according to the second example; 
FIG. 10 is a diagram showing a third example of an 

apparatus embodying this invention; 
FIG. 11 is a graph showing the amount of hydrocar 

bon in relation to the amount of injection into the ex 
haust system of an engine; and 
FIG. 12 is a flow chart showing the operation of the 

apparatus according to the third example. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

It is known that zeolite forms a catalyst which is 
useful for diminishing the amount of NOX in the exhaust 
gases of a diesel engine, and the non-selective catalytic 
reduction which employs a zeolite catalyst is expected 
to be an effective method for that purpose. This method 
is carried out in the presence of carbon monoxide, hy 
drocarbon, hydrogen or carbon, and hydrocarbon, 
among others, plays an important role in the catalytic 
reduction of NO)‘. 
The effective reduction of NOx requires the presence 

of hydrocarbon in an amount which is larger than that 
of the NO; to be reduced. The amount of hydrocarbon 
which usually occurs in a diesel engine is, however, 
smaller than that of the N0,‘ which its exhaust gases 
usually contain. It is, therefore, necessary to supply an 
additional amount of hydrocarbon for the effective 
reduction of NOx. According to this invention, the 
additional supply of hydrocarbon is effected by the 
injection of fuel into the intake system of an engine, or 
into its exhaust system upstream of a catalytic con 
VCI'IOI'. 
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Description will now be made of a number of exam 
ples of apparatus embodying this invention with refer 
ence to the accompanying drawings. 

FIRST EXAMPLE 

Reference is ?rst made to FIG. 1 showing a ?rst 
example of apparatus embodying this invention. FIG. 1 
shows a ?lter 1, an intake system 2, an engine 3, a fuel 
injection pump 4, an injector 5 for injecting fuel into an 
engine cylinder, an exhaust system 6, a catalytic con 
verter 7, the outlet portion 8 of an exhaust pipe, a fuel 
tank 9, fuel pipes 10, an engine rotation sensor 11, a 
control lever sensor 12, a controller 13, and an injector 
14 for injecting fuel into the intake system. 
The intake system 2 includes an intake pipe and an 

intake manifold, and the exhaust system 6 includes the 
exhaust pipe and an exhaust manifold. The injector 14 
associated with the intake system 2 injects the same fuel 
as that which is injected into the engine 3. 
The fuel injected into the intake system 2 by the 

injector 14 enters the cylinders of the engine in the form 
of a lean fuel-air mixture, but the greater part thereof 
remains uncombusted when leaving the engine into the 
exhaust system 6, unlike the fuel injected into the cylin 
ders by the injector 5. As a result, the exhaust gases in 
the exhaust system 6 contain a larger amount of hydro 
carbon than the exhaust gases of an ordinary diesel 
engine having no such fuel injection as by the injector 
14. The hydrocarbon is used for effective reduction in 
the catalytic converter 7. 

FIG. 2 shows the number of revolutions of the engine 
and the torque thereby produced with the angle C0, C1, 
C2 or C3 of a control lever employed as a parameter. 
The relationship shown in FIG. 2 is used for determin 
ing the torque, while the number of revolutions of the 
engine and the angle of the control lever are detected 
by the engine rotation sensor 11 and the control lever 
sensor 12, respectively. If, for example, the number of 
revolutions of the engine is N), and the angle of the 
control lever, C1, the torque is T1, as indicated by bro 
ken lines; in FIG. 2. 

FIG. 3 shows the number of revolutions of the em 
ployed as a parameter. The relationship shown in FIG. 
3 is used for determining the amount of NO2, which is 
indicated by the curve on which the torque determined 
from FIG. 2 meets the number of revolutions of the 
engine as detected by the engine rotation sensor 11. If, 
for example, the torque is T1, and the number of revolu 
tions of the on the curve indicating the amount of NO; 
as G1. 
FIG. 4 shows the ratio of the amount of hydrocarbon 

relationship shown in FIG. 4 is used for determining the 
amount of hydrocarbon which is required, as will here 
inafter be explained. It is obvious from FIG. 4 that an 
increase in the amount of hydrocarbon brings about a 
higher percentage of NO; removal The rise of the curve 
in FIG. 4, however, becomes more gradual, as it ap 
proaches a broken line indicating 100% of NO; re 
moval. In other words, a larger amount of hydrocarbon 
becomes necessary to achieve a smaller increase in the 
percentage of NO; removal toward 100%. This is not 
desirable from the standpoint of ef?ciency. Therefore, 
the removal of NO,‘ to 100% is not aimed at, but it is to 
achieve an appropriate percentage of NO; removal 
which is sufficiently high to satisfy the legal regulation 
concerning NO;. The necessary amount of hydrocar 
bon is, thus, determined from the intended level of N0; 
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4 
removal and the amount of NO, as determined from 
FIG. 3. 
FIG. 5 shows the ratio of the amount of fuel injection 

into the intake system to that of fuel injection into the 
engine cylinders, and the amount of hydrocarbon which 
is required. FIG. 5 is used for determining the above 
ratio from the necessary amount of hydrocarbon as 
determined from FIG. 4. The amount of fuel injection 
into the engine cylinders is the amount of fuel injected 
into the engine 3 which depends on the load of the 
engine. The load of the engine can be ascertained from 
the number of revolutions of the engine which is deter 
mined by the engine rotation sensor II, and the angle of 
the control lever which is determined by the control 
lever sensor 12. 

Attention is now directed to F IG. 6 showing the 
sequence of operation of the ?rst example of apparatus 
embodying this invention. The sequence consists of the 
following steps: 

Step 1: The load of the engine is determined from the 
number of revolutions of the engine as detected by 
the engine rotation sensor 11, and the angle of the 
control lever as detected by the control lever sen 
sor 12. 

Step 2: The standard amount of fuel injection by the 
injector 14 which is suitable for the load as de 
tected in Step 1 is determined from a map which is 
prepared beforehand to show different amounts of 
injection for different loads of the engine. 

Step 3: The amount (or concentration) of NOX is 
determined from FIGS. 2 and 3 based on the num 
ber of revolutions of the engine and the angle of the 
control lever which have been detected. 

Step 4: The concentration of NOX as determined is 
compared with a predetermined value selected 
from the range which satis?es the relevant legal 
standard. The amount of hydrocarbon which is 
required depends on the predetermined value, as is 
obvious from FIG. 4. If the concentration as deter 
mined coincides with the predetermined value, the 
operation goes back to Step 1. 

Step 5: If it does not coincide with the predetermined 
value, a corrective amount of fuel injection by the 
injector 14 is calculated. The corrective amount is 
a positive value if there is a shortage of hydrocar 
bon, while it is a negative value if there is an excess 
of hydrocarbon. 

Step 6: The standard amount of fuel plus the correc 
tive amount is injected into the intake system by 
the injector 14. 

SECOND EXAMPLE 

Reference is now made to FIG. 7 showing a second 
example of an apparatus embodying this invention. It 
duplicates the first example shown in FIG. 1, as far as 
parts 1 to 14 are concerned. It can be distinguished in 
construction from the apparatus shown in FIG. 1 by 
further including a sensor 15 for NOX installed in the 
outlet portion 8 of the exhaust pipe downstream of the 
catalytic converter 7. 
FIG. 8 shows the characteristics of the NO,‘ sensor 

15. The sensor 15 has an electrical resistance, and its 
electrical resistance increases with an increase in the 
concentration (or amount) of NO,,, as shown in FIG. 8. 
Thus, the concentration of NO,r can be determined from 
the electrical resistance shown by the sensor 15. 
The relationships shown in FIGS. 4 and 5 are applica 

ble to the second example, too. 
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Attention is now directed to FIG. 9 showing the 
sequence of operation of the second example of appara 
tus embodying this invention which consists of the fol 
lowing steps: 

Step 1: The load of the engine is determined from the 
number of revolutions thereof as detected by the 
engine rotation sensor 11, and the position of the 
control lever as detected by the control lever sen 
sor 12. 

Step 2: The standard amount of fuel injection by the 
injector 14 which is suitable for the load of the 
engine as detected in Step 1 is determined from a 
map which is prepared beforehand to show differ 
ent amounts of injection for different loads of the 
engine. 

Step 3: The concentration (or amount) of NOX in the 
exhaust pipe downstream of the catalytic converter 
7 is detected by the NO; sensor 15 (see FIG. 8). 

Step 4: The concentration of NO,‘ as detected is com 
pared with a predetermined value selected from 
the range which satis?es the relevant legal regula 
tions. The amount of hydrocarbon which is re 
quired depends on the predetermined value, as is 
obvious from FIG. 4. If the concentration as de 
tected coincides with the predetermined value, the 
operation goes back to Step 1. 

Step 5: If it does not coincide with the predetermined 
value, a corrective amount of fuel injection by the 
injector 14 is calculated. The corrective amount is 
a positive value if there is a shortage of hydrocar 
bon, while it is a negative value if there is an excess 
of hydrocarbon. 

Step 6: The standard amount of fuel plus the correc 
tive amount is injected into the intake system by 
the injector 14. 

The ?rst and second examples of apparatus embody 
ing this invention are applicable to a diesel engine, or a 
gasoline engine of the type having fuel injected into its 
cylinders, as opposed to an ordinary gasoline engine of 
the type having fuel injected into the intake system. 

THIRD EXAMPLE 

A third example of an apparatus embodying this in 
vention is shown in FIG. 10. It is identical in construc 
tion to the second example of an apparatus shown in 
FIG. 7, except for a fuel injector 16 associated with the 
exhaust system, and replacing the injector 14 associated 
with the intake system. The injector 16 is associated 
with the exhaust system 6 upstream of the catalytic 
converter 7. 
The injection of fuel into the exhaust system 6 by the 

injector 16 enables a larger amount of hydrocarbon to 
be produced in the exhaust system 6 than in any ordi 
nary diesel engine having no such fuel injection. The 
exhaust gases which are rich in hydrocarbon enter the 
catalytic converter 7 in which the hydrocarbon has a 
reducing action on NO,,. 
The approximate amount of NOX which the exhaust 

gases of the engine contain can be estimated from the 
load of the engine. The estimated amount can be utilized 
to determine the approximate (or standard) amount of 
fuel injection by the injector 16. The load of the engine 
can be ascertained from the number of revolutions 
thereof as detected by the engine rotation sensor 11, and 
the angle of the control lever as detected by the control 
lever sensor 12. 
FIG. 11 shows the amount of fuel injection into the 

exhaust system which is required for obtaining the nec 
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6 
essary amount of hydrocarbon which is determined 
from FIG. 4. The NO,, sensor 15 detects the concentra 
tion of NO,‘ in the exhaust gases leaving the catalytic 
converter 7, as has been described with reference to 
FIG. 8. 
FIG. 12 shows the sequence of operation of the third 

example of apparatus embodying this invention which 
consists of the following steps: 

Step 1: The load of the engine is ascertained from the 
number of revolutions thereof as detected by the 
engine rotation sensor 11, and the angle of the 
control lever as detected by the control lever sen 
sor 12. 

Step 2: The standard amount of fuel injection by the 
injector 16 which is suitable for the load of the 
engine as detected in Step 1 is determined from a 
map which is prepared beforehand to show differ 
ent amounts of injection for different loads of the 
engine. 

Step 3: The concentration (or amount) of NOJr in the 
exhaust pipe downstream of the catalytic converter 
7 is detected by the NO,, sensor 15 (see FIG. 8). 

Step 4: The concentration of NO,, as detected is com~ 
pared with a predetermined value selected from 
the range which satis?es the relevant legal regula 
tions. The amount of hydrocarbon which is re 
quired depends on the predetermined value, as is 
obvious from FIG. 4. If the concentration as de 
tected coincides with the predetermined value, the 
operation goes back to Step 1. 

Step 5: If it does not coincide with the predetermined 
value, a corrective amount of fuel injection by the 
injector 16 is calculated. The corrective amount is 
a positive value if there is a shortage of hydrocar 
bon, while it is a negative value if there is an excess 
of hydrocarbon. 

Step 6: The standard amount of fuel plus the correc 
tive amount is injected into the exhaust system by 
the injector 16. 

The third example of apparatus embodying this in 
vention is applicable to not only a diesel engine, but also 
any other type of engine, including an ordinary gasoline 
engine, since it is into the exhaust system that fuel is 
injected to produce hydrocarbon as required by the 
catalytic converter. 
What is claimed is: 
1. In an apparatus for diminishing the amount of ni 

trogen oxides in the exhaust gases of an engine of the 
type having fuel injected into its cylinders, the improve 
ment which comprises an injector associated with the 
intake system of the engine for injecting fuel into said 
intake system; means for determining said amount of 
nitrogen oxides from the number of revolutions of the 
engine and the angle of a control lever; and means for 
controlling the amount of fuel injection by said injector 
in accordance with the load of the engine and said 
amount of nitrogen oxides as determined. 

2. In an apparatus for diminishing the amount of ni 
trogen oxides in the exhaust gases of an engine of the 
type having fuel injected into its cylinders, the improve 
ment which comprises an injector associated with the 
intake system of the engine for injecting fuel into said 
intake system; a sensor for nitrogen oxides installed in 
the exhaust system of the engine downstream of a cata 
lytic converter for detecting the concentration of nitro 
gen oxides in the exhaust gases leaving said converter; 
and means for controlling the amount of fuel injection 
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by said injector in accordance with the load of the en 
gine and the output of said sensor. 

3. In an apparatus for diminishing the amount of ni 
trogen oxides in the exhaust gases of an engine, the 
improvement which comprises an injector associated 
with the exhaust system of the engine for injecting fuel 
into said exhaust system upstream of a catalytic con 
verter; a sensor for nitrogen oxides installed in said 
exhaust system downstream of said converter for de 
tecting the concentration of nitrogen oxides in the ex 
haust gases leaving said converter; and means for con 
trolling the amount of fuel injection by said injector in 
accordance with the load of the engine and the output 
of said sensor. 

4. In an apparatus for diminishing the amount of ni 
trogen oxides in exhaust gases of a fuel injected engine 
having a load applied thereto, said engine having a 
cylinder, an intake system and an exhaust system, the 
improvement which comprises an injector associated 
with one of the intake system and the exhaust system of 
the engine for injecting fuel into one of said intake and 
exhaust systems; means for determining the amount of 
nitrogen oxides in the exhaust gases; and means for 
controlling the amount of fuel injected by said injector 
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8 
in accordance with the load of the engine and the 
amount of nitrogen oxides in the exhaust gases. 

5. The apparatus de?ned by claim 4 wherein the 
means for determining the amount of nitrogen oxides in 
the exhaust gases of said engine is a sensor for nitrogen 
oxides installed in the exhaust system of the engine 
downstream of a catalytic converter. 

6. The apparatus de?ned by claim 5 wherein said 
injector is associated with the intake system of said 
engine for injecting fuel into said intake system. 

7. The apparatus de?ned by claim 5 wherein said 
injector is associated with the exhaust system of said 
engine for injecting fuel into said exhaust system. 

8. The apparatus de?ned by claim 4 which further 
comprises a controller, an engine rotation sensor and a 
control lever sensor, said controller controlling the 
amount of fuel injected by said injector in accordance 
with the outputs of said rotation and control lever sen 
sors. 

9. The apparatus de?ned by claim 5 which further 
comprises a controller, an engine rotation sensor and a 
control lever sensor, said controller controlling the 
amount of fuel injected by said injector in accordance 
with the outputs of said rotation, control lever and 
nitrogen oxide sensors. 
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